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Introduction
Human capital is not homogeneous: an engineer and an entrepreneur may have the same level of human capital but not the same type. Suppose that in an economy there are many workers with engineering skills but few with entrepreneurial skills, yet the economy demands many entrepreneurs and few engineers. This situation roughly describes the economies of the Czech Republic, Poland, and, to a lesser extent, Hungary in the early 1990s. A key aspect of their transition toward a market economy has been the reorientation of human capital from the technical to the business-serving types. In this paper, we assess its quantitative significance.
Our strategy is to investigate the reallocation of labor along the educational and occupational dimensions. Based on data analysis, we construct an aggregate model with endogenous occupational mobility and quantify the welfare impact of the initial imbalance and the subsequent adjustment in human capital. We emphasize that the changes in human capital that we study are not about the level but the composition. In 1990, the average number of schooling years was 10.1 in Czechoslovakia, 8.9 in Hungary, and 9.5 in Poland. These numbers are comparable to those for the OECD countries, whose average was 9.0 (Barro and Lee 1996) . We also abstract from the changes in the composition of human capital within an occupation or within a type of education: a business worker in the new market economy may have different skills from his counterpart in the old command economy although they share a common occupational code. This is a potentially significant omission. Our only defense is that we chose to study a readily quantifiable aspect of the changes in human capital, and that our results represent a low bound of their quantitative significance.
In Section 2, we present the evidence for labor reallocation. In the Czech Republic and Poland, there has been a major shift in education from the technical to the business fields since 1990. Also, the business occupations have expanded while the technical occupations have contracted. These changes were a sort of catching up with the other European countries. We do not find the same pattern in Hungary, however, which may be due to the fact that it began its transition to the market economy in the 1980s, earlier than the Czech Republic and Poland. In Section 3, we model the labor reallocation as a response to the changing demand structure. The reallocation has two parts: the exogenous increases in the share of new workers with business education and the endogenous movement of workers with technical education and experience to business occupations. We calibrate the model based on Czech and Polish data, and measure the discounted sum of output loss due to the imbalance in human capital. This amounts to 20 to 40 percent of the 1990 GDP.
Our paper can be viewed as a study of mismatch between the existing worker characteristics and those that the market demands. A much-studied mismatch of this nature is the excessive qualification of workers for available jobs, that is, overeducation (see AlbaRamirez 1993 for example). Another is the insufficient capacity of workers in adopting new technology, that is, skill-biased technological change (see Acemoglu and Zilibotti 2001 among others). These issues are more about the level mismatch than about the composition mismatch, that we focus on. Our paper also relates to other studies of educational changes and labor mobility in transition economies. Sarychev (1999) studies the changes from specialized vocational training to general training during the early period of transition in East Germany. Sorm and Terrell (2000) find a significant movement of labor into the finance, trade, and tourism sectors and out of the agricultural and industrial sectors in the Czech Republic. Similarly, Sabirianova (2002) countries. In the Czech Republic and Poland, nearly all the shift was toward the business field with only a slight increase in the share of the other fields. In Hungary, the shift was all toward the other fields with no noticeable change in the business share. Figure   1 plots the ratio of the business share and the sum of business and technical shares (i.e., business share/[business share + technical share]), which illuminates the relative shift from the technical to the business fields. Table 2 presents the distribution of workers across occupations. In the Czech Republic and Poland, over the whole period we can see a shift from technical to business occupations with little change in the other occupations, much like the shift in education. However, the pace of shift is uneven over the years, and even in the opposite direction in some years.
In Hungary, we do not see the shift from technical to business occupations. If anything, the shift is from business to other occupations. Figure 2 plots the ratio of the business share and the sum of business and technical shares, illustrating the relative shift from the technical to the business occupations. A more general point is that the long-run composition of human capital may be affected by the initial condition for any country, a counter point to the convergence hypothesis hinted at above.
Quantitative Exercise
In this section, we conduct an exercise in order to quantitatively assess the significance of the gap between the technically-oriented workforce and the business-oriented labor demand during the transition paths of the Czech Republic and Poland, 5 as documented in Section 2. The transition is modeled as follows. The economy is assumed to be on a balanced growth path for t ≤ 0. There is an unexpected change in the demand structure (i.e., the parameter of the business/technical occupation share in the production function) starting at t = 1. Labor reallocates from the technical to the business occupation following the change in demand structure. The reallocation has two parts. First, the share of new workers with a business education increases exogenously over time. Second, some workers, old and new, choose to work in the high-paying business occupation despite technical education and experience. Based on the calibrated model, we quantify the labor reallocation and the output loss due to the imbalance in human capital.
The Worker's Decision Problem
A worker receives either a business or a technical education before beginning his work life. Let the type of education be denoted by s = 1, 2, where s = 1 means business education and s = 2 means technical education. The type of education a worker receives is exogenous: he takes it as given in his decision problem. A worker's work life is 10 periods.
This implies that the length of a period is 4 years under the assumption that a worker's work life is 40 years. 6 Let the period of a worker's work life be denoted by j = 1, 2, . . . , 10.
Let the occupations denoted by i = 1, 2, where i = 1 means business occupation and i = 2 means technical occupation. In any period of his work life, a worker can work in either 5 That is, we conduct the exercise based on the Czech and Polish data. However, under the assumption that the Hungarian transition of the 1980s was similar to that of the Czech Republic and Poland in the 1990s, the results may also be relevant to the earlier transition in Hungary. 6 Since workers can choose their occupation in each period, the length of a period should be interpreted as the time it takes on average for a worker to have a new opportunity to move between technical and business occupations. The four-year length does not seem unreasonable.
occupation. Let a worker's experience in an occupation, i.e., the number of periods he spent in the occupation, be denoted by e = 1, 2, . . . , 9.
The effective labor input of a worker depends on the education he has received, the occupation in which he works, and his experience in that occupation. Let a(s, i, e) denote the effective labor input by a worker who has received type s education, works in occupation i, and has spent e number of periods working in occupation i. We assume:
where σ 1 , σ 2 > 0 and 0 < λ < 1. The first equation is Mincerian, as commonly used in the labor literature. It captures the increasing and concave wage profile over experience. The parameter λ captures the effective labor input of a worker who works in an occupation for which he is not educated. The wage of a worker is given by
wherew t (i) is the wage rate for one unit of effective labor input in occupation i.
Let g t (s, j) denote the date t occupation of a worker who has received type s education and is in the jth period of his work life. The career path of a worker who has received type s education and enters the work force in period t is then {g t+j−1 (s, j)} j . Given {g t+j−1 (s, j)} j , the worker's experience path {e t+j−1 (s, j)} j is given by
where η is an indicator function: η(i, i ) is equal to 1 if i = i , and equal to 0 otherwise.
A worker's utility is the discounted linear sum of wages over his work life: the utility of a worker who has received type s education and enters the work force in period t is
where the discount rate β < 1. A worker's decision problem is to maximize his utility by choosing his career path, taking as given his education type s and wage rates {w t (i)}.
The solution to this problem may not be unique: multiple career paths may maximize the worker's utility. Let G t (s) denote the set of utility-maximizing career paths for a worker entering the work force in period t with education type s:
} j maximizes the utility of the worker}.
This completes the description of the worker's decision problem.
The Labor Supply
We assume no population growth and normalize the number of workers who enter the work force to be one. Thus at any date there are 10 people in the work force, each person representing a different age group. Let m t (s) denote the number of workers who begin work life in period t with education type s: m t (1) + m t (2) = 1. Recall from the previous subsection that multiple career paths may maximize the utility of the worker. Thus in equilibrium workers of the same cohort with the same education may choose different career paths. Let µ t ({g t+j (s, j)} j ) denote the fraction of workers who choose the career
Let n t (i) denote the number of workers in occupation i in period t. Given the wage rates {w t (i)}, the labor supply {n t (i)} is determined by the distribution of career paths {µ({g t (s, j)} j )} that workers choose:
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The workers working in an occupation in a period will differ in terms of their effective labor input due to differences in their education and experience. Letñ t (i) denote the total effective labor input in occupation i in period t:
where the experience e t (s, t − τ + 1) is determined by (3) given the career path {g τ +j (s, j)} j . Again, the labor supply {n t (i)} and the effective labor supply {ñ t (i)} may not be unique since the utility-maximizing career path of workers of the same cohort and with the same education may not be unique.
The Aggregate Economy
The aggregate economy is a standard neoclassical one except for the following two features. First, labor input is differentiated by occupation. Second, we abstract from capital accumulation and the firm's profit-maximization problem. We simply assume that there is an aggregate production function and that the wage rates are determined by the marginal products of the labor inputs. The aggregate production function is
for t ≤ 0,
for t ≥ 1, and
where 0 < α 0 , α ∞ < 1 and 0 < ρ < 1. 7 The parameter α 0 captures the relative demand for the two occupations before transition. The relative demand changes during transition:
α t increases in t. The parameter α ∞ captures the relative demand in the long run and the parameter ρ captures the speed of change in demand, a higher value meaning a faster change. We set α 0 = m 0 (1) for all t ≤ 0, and α ∞ = m ∞ (1). This specification insures that before transition the composition of new workers each period exactly met the old demand structure, and will exactly meet the new demand structure in the long run. We assume the sequence of productivity {A t } to have followed some constant annual growth path for t ≤ 0. This pre-transition growth rate of productivity is not essential for the exercise and does not need to be specified. We assume the sequence of productivity to follow a new constant annual growth path after the transition starts: for t ≥ 1
The wage rates are given byw t (i) = ∂Y t /∂ñ t (i). The equilibrium of the economy is the distribution of career paths {µ({g t (s, j)} j )}, the labor supply {n t (i)}, the effective labor supply {ñ t (i)}, and the wage rates {w t (i)} such that the distribution of career paths is derived from the workers' utility maximization problem given the wage rates; the labor supply and the effective labor supply are derived from the distribution of career paths; and the wage rates are derived from the effective labor supply.
Calibration
For the exercise, we need to specify the discount rate β, the productivity growth rate γ, the education premium parameter λ, the experience premium parameters σ 1 and σ 2 , the educational distribution of new workers {m t (s)}, and the speed of demand change ρ. We set β = .85. This implies a real annual interest rate of about 4% under constant consumption over periods. We set γ = .082, which implies an annual growth rate of about 2%. We set σ 1 to be in the range of .05 to .15, and σ 2 in the range of .0033 to .01. Recall that the length of a period is four years. At an annual rate, these ranges are equivalent to .012 to .036, and .0002 to .0006, respectively. The low end of the ranges corresponds to the values for the transition economies in the early 1990s; the high end corresponds to the values for Western European countries.
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We set the initial and the long-run business shares of education/occupation (i.e., The parameters that remain to be chosen are λ and ρ. These parameters are difficult to relate to the data directly. Instead we chose the values of these two parameters so that the endogenous variables under the chosen values match the data along some dimensions.
8 Bird et al. (1994) , Krueger and Pischke (1995) , and Chase(1998) document the low experience premium in transition economies in the early 1990s. One caveat is that these studies report a pooledexperience premium while the relevant premium for our exercise is an occupation-specific one. The former is smaller than the latter since some workers switch occupation and lose (some) premium. If workers in transition economies switched occupation more than workers in Western Europe in the early 1990s, this would account for some of the observed premium differential between them. 9 See the Appendix for the details.
Specifically, we chose to match the size of labor reallocation and the cross-occupational wage differential at date two, which corresponds to year 1998. From Figure 2 , assuming the initial and the long-run business shares of (.20,.35) for the Czech Republic and (.30,.45)
for Poland, the size of labor reallocation during the first two periods is about 80% of the total for the former and about 53% of the total for the latter. We chose the model to replicate these percentages of reallocation. As for the wage differential, the Czech Labor Force Survey does not contain information about wages. However, we were able to find that information in the Microsensus conducted in 1992 and 1996. Conducting the same data analysis as for the Labor Force Survey, we found that wages in business occupations grew 4% more than the average and wages in technical occupations grew 9% less than the average. 11 The Polish Labor Force Survey contains wage information, but only from 1995. We found that during the 1995-1999 period, wages in business occupations grew 4% more than the average and wages in technical occupations grew 7% less than the average.
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Based on this information, for both countries we chose the model to generate a 25% wage differential between the business and the technical occupations at date 2, starting from zero differential at date 0.
The algorithm for finding the equilibrium under a given set of parameter values is as follows. First, we set the labor supply for t ≥ 1 to be such that every worker works in the occupation for which he is educated, i.e., workers with a business education work in the business occupation and workers with a technical education work in the technical occupation. Second, we calculate the wage rates for t ≥ 1 under this labor supply. Third, we solve the career-decision problems of individual workers under these wage rates and 11 For 1996, when the Microsensus and the Labor Force Survey data sets can be directly compared, the business share of workers in the Microsensus is two or three percentages higher than in the Labor Force Survey, while the technical share is almost the same. Our overall impression is that the two data sets are comparable and the discrepancy reflects the small sample size for the Microsensus, which was about three thousand for 1992 and about five thousand for 1996. 12 This pattern of wage-growth differential in both countries corroborates our modeling choice for labor mobility: the change in demand structure creates the wage differential, which leads to supply response. We chose not to present the wage data systematically due to their limited coverage.
derive a new labor supply for t ≥ 1. Fourth, we update the original labor supply by a small amount so that it is closer to the new labor supply. This marginal update rule avoids the non-converging oscillation of labor supply as the update is repeated. Fifth, we recalculate the wage rates for t ≥ 1 under this updated labor supply. Sixth, we repeat the third, the fourth, and the fifth steps until the labor supply and the wage rates converge.
By construction, the limit of the convergence is the equilibrium.
We calculated equilibria using various values of λ and ρ, and found the pattern that for a higher λ or for a higher ρ, there is more labor reallocation. Intuitively, a higher λ (i.e., a lower occupation-specific experience premium) makes people more willing to move, and a higher ρ (i.e., a higher speed of demand change) creates more of a wage premium for the business occupation, attracting more movers. Thus each value of λ is mapped to a unique value of ρ so that a given size of reallocation is maintained. We also found that as we increase λ, at the same time decreasing ρ according to the mapping, the wage differential decreases. In fact, we can deduce this pattern as a property of the model:
given the Cobb-Douglas production function, a lower ρ implies a lower business share of aggregate wage bill, and under a fixed business share of occupations this leads to a lower average wage of the business occupation relative to that of the technical occupation. Thus there is a unique set of values of λ and ρ that generate a given set of the reallocation size and the wage differential at date 2. from the technical to the business occupation, which is determined by demand and supply factors in the labor market. The demand factors are the total change in demand, α ∞ − α 0 , and the speed of its change, ρ. These two factors work as substitutes for each other in 13 determining the change in demand in the early periods. The supply factors are the educational premium, 1/λ, and the occupation-specific experienced premium, σ 1 (and σ 2 which is scaled accordingly). These two factors work as substitutes for each other in determining the supply response, i.e., the movement of workers into the business occupation despite technical education and experience, aside from the exogenous increase in the share of new workers with a business education. For these workers, call them movers, the advantage of high wages in the business occupation outweighs the disadvantages of improper education and lack of experience. 13 The wage differential between the business and the technical occupations reflects the relative strengths of demand and supply factors.
Results
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The main difference between the Czech Republic and Poland is the observed speed of labor reallocation (i.e., the date-two completion rates of 80% versus 53%). For the Czech Republic we were barely able to simulate its high speed of reallocation, in some cases reaching the corners in the demand-pull and the supply-push factors (e.g., ρ = 1, λ = 1). For Poland the speed is more moderate and so are the required demand and supply factors. For both countries, there is a sizeable movement from the technical to the business occupation, all concentrated in the first period or two. The share of movers among all workers is of the order of 10 to 20 percent in the early periods. The business occupation continues to expand as a larger share of new workers are educated in business than in the past. By the logic of the life cycle, it takes about one generation for the economy to complete the labor reallocation and reach a balanced growth path.
We can quantify the welfare effect of the imbalance in human capital as follows. We can calculate the aggregate output path given a set of model parameter values. Call this the actual path. We can also calculate a hypothetical output path under the same values except that at each date and for each age group, the business-technical composition of workers' education and experience is assumed to (magically) match the business-technical composition of demand. By construction, the actual path lies below the hypothetical path during the period of adjustment. We can calculate the discounted sum of output gap between the actual and the hypothetical paths. For both countries, this sum is of the order of 5 to 10 percent of date zero output, largely depending on the total size of demand change. Since the length of a period is four years, this is equivalent to 20 to 40 percent of the 1990 GDP. 
Conclusion
In this paper, we studied the changing composition of human capital in the Czech Republic, Hungary, and Poland since 1990. For the Czech Republic and Poland, we documented the reallocation of labor from technical to business education/occupations, starting from a low business share in comparison to Western European countries. We interpret this change as an adjustment necessary for their transition to a market economy. We did not find the same pattern in Hungary, which seems to reflect that it started its transition in the 1980s, earlier than the other two countries. We constructed a model where labor reallocates as a response to the changing demand structure. When calibrated for the Czech Republic and Poland, the model generates a large movement of workers with technical education and experience into business occupations in the early 1990s, and a more gradual inflow of new workers with a business education. The discounted sum of output loss due to the imbalance in human capital amounts to 20 to 40 percent of the 1990 GDP.
We note some shortcomings of our exercise. Figure 2 , Table 3 , and Figure 3 To construct Tables 2 and 3 , we consulted the Labor Force Surveys of the respective countries. For the Czech Republic, Hungary, and Poland, we obtained the data directly from the respective national statistical offices. For Austria, Germany, and Spain, we obtained the data from Eurostat, the statistical office of the European Union. The Czech Republic and Poland have conducted their Labor Force Surveys based on the ISCO-88 (International Standard Classification of Occupations) since 1993 and 1994, respectively. Hungary has conducted the Labor Force Surveys based on its own classification system titled HSCO-93 (Hungarian Standard Classification of Occupations) since 1993, but the Statistical Office provides instruction on how to convert HSCO-93 to ISCO-88. We grouped the two-digit ISCO-88 occupation codes into business occupations, technical occupations, and other occupations. The tables present the results for the fourth quarter of each year for the Czech Republic, Hungary, and Poland; the first quarter for Austria; and the second quarter for Germany and Spain. The figures present the results for all quarters for which we could obtain data. The details of the grouping of occupation codes are as follows:
Business Occupations: corporate managers (12) + managers of small enterprises (13) + office clerks (41) + customer service clerks (42) + models, salespersons, and demonstrators (52). Technical Occupations: physical, mathematical and engineering science professionals (21) + physical and engineering science associate professionals (31) + extraction and building trade workers (71) + metal, machinery, and related trade workers (72) + precision, handicraft, craft printing, and related trade workers (73) + other craft and related trade workers (74) + stationary-plant and related operators (81) + machine operators and assemblers (82) + drivers and mobile plant operators (83). Other Occupations: legislators, senior officials, and managers (11) + life science and health professionals (22) + teaching professionals (23) + other professionals (24) + life science and health associate professionals (32) + teaching associate professionals (33) + other associate professionals (34) + personal and protective services workers (51) + skilled agricultural and fishery workers (61) + subsistence agricultural and fishery workers (62) + sales and service elementary occupations (91) + agricultural, fishery and related laborers (92) + laborers in mining, construction, manufacturing and transport (93). 
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